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Abstract
Adverse drug effects from chemotherapeutic agents are a well-known deterrent and a
potential limiting factor for appropriate treatment regimens of tumors. To circumvent
these limitations several approaches for precision chemotherapy have been proposed.
Among those, liposomes are the most advanced carriers for drugs to tumor sites.
Liposomes are spherical lipid structures that mimic the cell membrane, and their ability
to protect and transport biologically active molecule is exploited for the purpose of
targeted drug delivery. In this respect, our work describes production and
characterization of liposomes via extrusion.
We produced liposomes from mixtures of lipids that included Polyethylene glycol (PEG)
to evade the immune system of the host. They were actively loaded with a drug simulator
(i.e., Acridine Orange, AO) using a pH gradient. The liposomes were characterized by
microscopy and dynamic light scattering for size distribution. The liposomes with the
drug simulator were verified by fluorescence spectroscopy and exploitation of selfquenching of AO at high concentration. Our results show that the liposomes produced by
extrusion are uniform, PEG addition prevents aggregation, and the pH gradient approach
attains large concentration of the loaded molecules.

II. Materials/Methods

III. Results
Qualitative analysis of liposomes by microscopy. A small aliquot from the solution after hydration was
assessed by microscopy. The image (Fig. 1 left) revealed the presence of large non-uniform structures characteristic to
multi-lamellar liposomes. The image taken for an aliquot after extrusion (Fig. 1 right) shows smaller, more uniform
liposomes and no aggregation.

Fluorescence Spectroscopy. To establish at which concentration AO (Acridine
Orange) starts self-quenching, we performed measurements on the dye fluorescence at
various concentrations in the bulk (Fig. 4). As we observe from the figure, the fluorescence
of AO increases with concentration up to ~20 micro molar; after which, increasing dye
concentration leads to a significant decrease in fluorescence. This important feature was
further exploited to asses the loading of the dye. If the dye inside the liposomes is over the
self-quenching concentration, an impaired lipid membrane will lead to leakage which in
turn leads to a decrease of AO concentration in the liposome. Consequently, selfquenching is diminished and the fluorescence increases.
We measured the fluorescence of liposomes and the changes in fluorescence upon
solubilizing the lipid membrane by addition of Triton-X 100. As Fig. 5 shows, detergent
addition led to a significant increase in fluorescence demonstrating successful loading of
AO into liposomes by an active method.

Figure 1. Qualitative microscopy analysis of liposomes before (left)
and after (right) extrusion.

Size and size distribution analysis. Dynamic light scattering showed a narrow distribution of the extruded
liposomes with an average hydrodynamic diameter of 304 nm. And excellent PDI (polydispersity index) of 0.119 (Fig.
2). This measurement indicated that extrusion led to the formation of very uniform liposomes.

Liposomes were prepared by extrusion. For liposome preparation we used 1,2-distearoylsn-glycero-3-phosphocoline (DSPC), Cholesterol (Chol), and Polyethylene Glycol (PEG2000). The lipids were solubilized in chloroform at a ratio 8.3:3.4:1.8 (DSPC:Chol:DSPCPEG). The solubilized lipids were dried overnight under vacuum to produce a lipid “cake”.
The lipid cake was hydrated in a sodium citrate/citric acid buffer (pH 4) for 2 hours at 45º C
under occasional swirling. The formation of multi-lamellar liposomes upon hydration was
assessed by white light microscopy (IX 71 Olympus microscope).
The multi-lamellar liposomes were extruded with an Avanti Lipids Extruder by using 400
nm nuclepore filters and employing 40 extrusion cycles at 72º C. After extrusion the
liposomes were characterized by white light microscopy and dynamic light scattering
(Malvern Synthesizer). For active loading we adjusted the pH of the external buffer to 7.4 and
added AO to the bulk solution (25 micro molar final concentration). The mixture was kept in
a refrigerator for 4 days after which the unincorporated dye was removed by dialysis (10 kDa
cut off). For assessment of loading, we employed fluorescence microscopy and fluorescence
spectroscopy (Flouromax 4, Horiba). Spectroscopy measurements relied on the ability of AO
to self-quench at high concentrations to indicate effective liposome loading.

Figure 4. The fluorescence of AO (relative units) presents self-quenching
(i.e., a significant decrease in intensity of high concentrations).

Figure 2. Size distribution of extruded liposomes. Dynamic Light Scattering indicated the uniformity of the
liposomes produced by extrusion.

Fluorescence microscopy. The liposomes actively loaded with AO were imaged by fluorescence microscopy (Fig.
3). The image shows uniform liposomes, which are also fluorescent, hence indicative of the dye presence inside the
liposomes. At the same time, the high contrast background indicates the absence of the dye from the bulk solution.
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Figure 3. Fluorescence microscopy indicated successful loading of liposomes with AO.

IV. Conclusion and Perspectives
● Liposomes of around 300 nm can be consistently and uniformly created using the extrusion
method.
● The liposomes can be actively loaded with a weak base by using a pH gradient.
● Owing to their small size, the loaded liposomes can be used to target tumors by the
Enhanced Permeability and Retention effect. PEGylation also enables evading the immune
system of the host.

Figure 5. A graph depicting the release of dye from within the liposomes in
the presence of Triton X-100 detergent
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